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ABSTRACT
Science, technology, engineering and mathematics (STEM) disciplines are
becoming increasingly important in the 21st century workforce, but there is currently a
shortage of STEM professionals around the world. Even when students graduate with
STEM degrees, many lack basic interpersonal skills such as communication and problem
solving that would position them for success in the marketplace. The New York
Academy of Science developed the STEM Education Framework to help ensure that
STEM curricula teach the Essential Skills that students need in order to thrive in the
modern workplace. In order for educators to proficiently utilize the STEM Education
Framework, they must receive training on its use through professional development.
STEM Education in the 21st Century is a ten-week online professional
development course dedicated to supporting K-12 educators as they apply the STEM
Education Framework to improve their STEM instruction. Data were collected from a
global sample of STEM educators who completed the course in the fall of 2019. A
quantitative descriptive study with a causal-comparative design was used to explore the
relationships of participant demographics, self-efficacy, and perceived usefulness and
ease of use on STEM instructional design. STEM instructional design was measured
using the STEM Education Framework to evaluate course participants’ pre and post
STEM instructional design. Self-efficacy was measured by tailoring self-efficacy scales
to each of the Essential Skills. Perceived usefulness and ease of use was measured using
applicable components of a validated scale for measuring the constructs. While one-way
analysis of covariance (ANCOVA) yielded no statistically significant results among
demographics, self-efficacy, perceived usefulness and ease of use and STEM
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instructional design with the exception of nationality and STEM instructional design,
change between pre- and post-STEM instructional design scores indicate that participants
improved throughout the course.
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CHAPTER 1
INTRODUCTION

In 2001, Judith Ramaley, then the assistant director of education and human
resources at the National Science Foundation, introduced the acronym STEM to the
national conversation (Christenson, 2011). Since then, STEM, the combined disciplines
of Science, Technology, Engineering, and Math, has grown in esteem, and this joint
discipline can be found in schools across the globe. STEM education provides students
with opportunities to develop the necessary competencies, in addition to content
knowledge, that are needed to be successful in a rapidly evolving job-market. STEM
education gives students a chance to learn that the world is interconnected rather than
isolated into specific content areas (Dugger, 2010). When rote learning and memorization
are emphasized in STEM subjects, graduates often struggle to apply learned concepts to
the real-life challenges they face in the workplace (Kramer et al., 2014). Students often
graduate without complementary fundamental skills in critical thinking, problem solving,
creativity, communication, collaboration, data literacy, and digital literacy and computer
science that are necessary for successful employment. Contemporary STEM education
should go beyond piecemeal content knowledge and provide students with learning
experiences where they have opportunity to develop essential skills. Holmes et al. argued
that STEM education that prepares students with 21st Century skills will influence the
percentage of students who declare a STEM major in college and go on to pursue STEM
careers (2017).
STEM educators must have extensive knowledge in highly technical fields that
are constantly evolving while simultaneously empowering students to learn skills to
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apply their knowledge to unique, real-world scenarios. In order to effectively educate in
K-12 STEM classrooms, educators must be, as Shulman (1986) identifies, skilled in the
art of blending content and pedagogy so that instruction is adapted to the diverse interests
and abilities of learners.
One of the most important in-school factors determining student achievement is
teacher quality (George et al., 2005). A powerful way to improve education is to provide
educators with professional development (PD) in research-based instructional methods
(Darling-Hammond, 2009). Additionally, teachers’ high sense of self-efficacy has been a
well-documented attribute of effective teachers (Henson et al., 2001). A high sense of
self-efficacy in teachers has impact on teacher- and student-related educational outcomes
such as teachers’ instructional behavior, persistence, commitment, and enthusiasm, and
student motivation, self-efficacy beliefs, and achievement (Tschannen-Moran & Hoy,
2001).
The traditional method of training educators is through PD courses and
workshops. In traditional PD format, a perceived expert shares knowledge or strategies as
educators sit through a lecture-style workshop that ranges from one hour to multiple days
or weeks. Traditional PD is widely criticized as being ineffective (Bereiter, 2002;
Darling-Hammond, Holtzman, Gatlin, & Heilig, 2005; Diaz-Maggioli, 2004; Garet,
Porter, Desimone, Birman, & Yoon, 2001; Guskey & Sparks, 1991; Scotchmer, McGrath,
& Coder, 2005). Traditional PD does not provide teachers sufficient time (Borko, 2004;
Dede, 2006; Diaz-Maggioli, 2004; Guskey, 2002; Hargreaves & Fullan, 1992;
Summerville & Johnson, 2006), content (Ferguson & T. Womack, 1993; Garet et al.,
2001), or activities to provide knowledge of critical concepts and meaningful change in
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practice (Hargreaves, & Fullan, 1996; Loucks-Horsley, Hewson, Love, & Stiles, 1998).
Furthermore, to attend traditional PD experiences, teachers are generally required to take
time off of work, meaning time out of their classrooms, to attend sessions, which may
have additional negative outcomes for students. Thus, teachers, in their attempt to
improve their instructional ability, must leave their students behind as they attend, what is
likely to be, an ineffective PD experience.
The availability and use of computerized programs for teacher PD is rapidly
expanding (Appana, 2008). Online professional development (OPD) removes the barrier
of time constraints and allows educators to participate at their convenience. Further,
rather than traditional one-day workshops, OPD gives educators extended time for
reflection, application, and discussion with like-minded peers (Dede et al., 2009).
Because of affordability and accessibility of OPD, it is becoming a more popular choice
for PD among schools and teachers (Fisher et al., 2010; A. Holmes et al., 2011).
Education in STEM fields reflects rapidly changing knowledge, therefore,
teachers must continue to enhance their own knowledge as well as their pedagogical
approach. Furthermore, while teachers may know about 21st Century skills and may want
to integrate them into their instruction, no generally accepted standard for their inclusion
in instruction exists. This results in teachers learning about and taking a fragmented
approach to including 21st Century Skills. “To help young people learn the more
complex and analytical skills they need for the 21st Century, teachers must learn to teach
in ways that develop higher-order thinking and performance” (Darling-Hammond &
Richardson, 2009). According to Guskey (2003), successful PD deepens educators’
understanding of content and supports their attempts to help students learn the content.
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The STEM Education Framework (New York Academy of Sciences, 2016) was
constructed to support curriculum developers integrate 21st Century skills into K-12
STEM instructional programs. The STEM Education Framework identifies best practices
in STEM education. Intended to be used by curriculum developers, teachers, and school
leaders, the framework identifies 26 elements of quality STEM education in 3 essential
areas:
•

Core Competencies: To what extent are students provided with
opportunities to develop 21st Century skills needed to thrive in the modern
workplace?

•

Instructional Design: To what extent do instructional materials and/or
program design reflect research-based pedagogy and a cohesive system of
learning objectives, supports, and assessment resources?

•

Implementation: To what extent are necessary supports or services
available to facilitate distribution and ensure effective implementation?

Using the STEM Education Framework, STEM curricula can be evaluated according to
each of the 26 elements by using the holistic rubric that accompanies each element. Each
of the holistic rubrics detail research-based criteria for meeting one of four proficiency
levels: Exemplary, Developing, Basic, and Undeveloped.
Purpose
STEM careers are becoming increasingly prominent (Bughin et al., 2019) yet, it
has been identified that, while more people are graduating with STEM degrees, many
STEM positions are going unfilled because many STEM graduates lack the
complementary fundamental skills of critical thinking, problem solving, creativity,
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communication, and collaboration necessary for successful employment (Kramer et al.,
2014). It is generally accepted that the purpose of education is to equip people with the
skills and knowledge to be productive citizens. Therefore, teachers need support to be
able to equip students with the Essential Skills. Given the nature of demands on
educators, online courses present a cost and time effective method of supporting
educators’ improvement.
The purpose of this quantitative descriptive study with causal-comparative design
is to describe and evaluate the effectiveness of an OPD that aims to enhance STEM
educators’ ability to include 21st Century skills in their instructional design.
STEM Education in the 21st Century (SEC) is a ten-week OPD course created by
the New York Academy of Sciences for K-12 STEM educators. The SEC aims to support
educators as they learn how to apply the STEM Education Framework to their own
instruction. The driving theory behind the SEC is, if educators understand how to use the
STEM Education Framework to improve the integration of 21st Century skills into their
STEM instruction, then they will in fact use it, and then their students will have improved
opportunities to develop 21st Century skills, namely: critical thinking, problem solving,
creativity, communication, collaboration, data literacy, and digital literacy & computer
science. The STEM Education Framework collectively refers to these seven 21st Century
skills as the Essential Skills. The SEC is an asynchronous course in which educators a)
learn the research that supports the STEM Education Framework as well as the research
that supports the need for students to be competent in each essential skill, b) learn how to
apply the STEM Education Framework to their own instruction so that their students

ONLINE COURSE: 21ST CENTURY SKILLS IN STEM CURRICULA

16

have improved opportunities to develop the essential skills, c) collaborate with peers over
instructional strategies.
Research Questions
To understand if the SEC has meaningful impact on participants’ understanding
and perception of the STEM Education Framework and, therefore, impact on their
inclusion of 21st Century skills in their regular STEM instruction, the following research
questions will be addressed:
1. Is there a statistically significant difference in SEC participants' post STEM
instructional design mean scores and participants' demographics (age, gender,
years of teaching experience, and nationality), controlling for pre STEM
instructional design mean scores?
2. Is there a relationship between SEC participants’ demographics and self-efficacy
mean scores on post STEM instructional design mean scores?
3. Is there a relationship between SEC participants' demographics and perceived
usefulness and ease of use mean scores on post STEM instructional design mean
scores?
Null Hypotheses
H0 1: Participants’ demographics will have no influence on instructional improvement
controlling for initial instructional mean scores.
H0 2: Participants’ demographics will have no influence on the relationship between selfefficacy and post STEM instructional design mean scores, controlling for initial
instructional means scores.
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H0 3: Participants’ demographics will have no influence on the relationship between
perceived usefulness and ease of use and post STEM instructional design mean
scores, controlling for initial instructional evidence.
Population
Participation in the SEC is limited to 100 applicants who identify themselves as
K-12 classroom teachers of one or more STEM content areas. Participants will be limited
to teachers whose primary language is English. While the SEC will be advertised to
educators on a global scale, it is expected that the majority of participants will be located
in the greater New York City area for two reasons: a) the New York Academy of
Sciences is established in New York City and, as a result, has a high percentage of
members and an easier ability to market in the New York City area; b) the New York
Academy of Sciences is able to provide New York teachers who successfully complete
the SEC with Continuing Teacher and Leader Education credits, which teachers in New
York need in order to maintain their teaching licensure.
Delivery Methodology
STEM Education in the 21st Century (SEC) is a ten-week course delivered
exclusively via an online learning management system (LMS). Participants of the SEC
must be able to access the Internet, the application website, the LMS website, and
additional text formatting software (i.e. Microsoft Word, Google Docs).
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Evaluation Metrics
Stanford Research International (Stanford Research Institution - Education
Division, 2016) and a board of international advisors of a global non-profit organization
based in the state of New York created the STEM Education Framework (2016). The
STEM Education Framework is a research-based tool and served as the guide for the
development of the SEC as well as the evaluation metric, or scoring guide, used to
evaluate the SEC participants’ initial and final projects.
Definitions of Terms
•

21st Century Skills – “A broad set of knowledge, skills, work habits, and
character traits that are believed—by educators, school reformers, college
professors, employers, and others—to be critically important to success in today’s
world, particularly in collegiate programs and contemporary careers
and workplaces” (“21st Century Skills,” n.d.).

•

Core Competencies – A specific list of 21st Century skills needed for students to
thrive in the modern workplace. Core Competencies are broken into two
categories, Essential Skills and Supporting Attributes, in the STEM Education
Framework (2016) with Essential Skills being the focus in the SEC.

•

Essential Skills – Seven “competencies that, in addition to content knowledge,
students must develop to thrive in the modern workplace” (New York Academy
of Sciences, 2016). These competencies are identified in the STEM Education
Framework as critical thinking, problem solving, creativity, communication,
collaboration, data literacy, and digital literacy and computer science .
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Online Professional Development (OPD) - Any digital professional development
that takes place partially or completely over the Internet (Fishman et al., 2013).

•

Professional Development (PD) – Activities that are intended to engage
professionals in new learning about their professional practice (Knapp, 2003).

•

Self-Efficacy – The “beliefs in one’s capabilities to organize and execute the
courses of action required to produce given attainments” (Bandura, 1997).

•

STEM - The disciplines of science, technology, engineering, and math.

•

STEM Education Framework – A series of holistic rubrics that can be used to
evaluate the degree to which STEM curricula give K-12 students opportunities to
develop 21st Century skills. Curricula can be evaluated as “Exemplary”,
“Developing”, “Basic”, or “Undeveloped” for each skill respective of the criteria
the curricula meet for each skill. The STEM Education Framework was developed
by the New York Academy of Sciences (2016) with support from an international
board of advisors.

•

STEM Education in the 21st Century (SEC) – A ten-week online course in which
K-12 STEM educators learn about the STEM Education Framework and revise an
instructional unit so that it provides participants’ students with opportunities to
develop the Essential Skills.

•

Traditional Professional Development - A structured methodology of professional
development in which a person(s) with specific expertise presents to participants
who attend sessions at scheduled times. Examples of traditional PD include
workshops, educational institutes, graduate courses, learning seminars, and
teachers’ conferences (Garet et al., 2001).
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Significance of Study
STEM has become a known discipline in education and it is becoming
increasingly accepted that young people will need 21st Century skills, in addition to
content knowledge, to be successful in modern careers. While national and local
standards of STEM teaching and learning exist, no standard for inclusion of 21st Century
skills in STEM education has been accepted. This study is significant because it analyzes
the SEC, an online course that supports K-12 STEM educators learn how to apply a
framework that is designed to help them improve their students’ opportunities to develop
critical 21st Century skills. Given the current COVID-19 pandemic, quality online PD is
increasingly needed to provide teachers with resources to improve their teaching while
maintaining social distance. As organizations and individuals develop and deploy OPD,
they will need to market their OPD offerings as efficiently as possible. Examining
demographic data as they pertain to the effectiveness of SEC will provide guidance on
future marketing efforts by potentially narrowing the scope of relevant users.
Summary
It is imperative that students have access to high-quality STEM education that
supports their development of Essential Skills as identified in the STEM Education
Framework. In the next ten years, due to automation in the workplace, STEM
professionals are projected to have the second highest employment growth; health
professionals, which is also a critical STEM career, is projected to lead all career fields in
employment growth (Bughin et al., 2019). In order to equip students with the necessary
knowledge and skills to succeed in modern careers, we must support teachers with the
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appropriate instructional tools so they can effectively prepare the future workforce.
Lawless & Pellegrino (2007) identify PD as a standard method for educators to improve
their instructional practices and make an easier shift to addressing the new educational
needs (Garet et al., 2001) of 21st Century skills. The STEM Education Framework
provides guidance for educators who want to make the shift to incorporating 21st Century
skills in their STEM instruction.
Professional development for K-12 STEM teachers is a commonly accepted way
for teachers to continue to build their pedagogical and content knowledge. Much research
identifies that PD opportunities for teachers provide inadequate content and are
inefficient with time. It is important to know if effective PD can be delivered to STEM
teachers in a completely online environment that respects their busy and important
lifestyles.
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CHAPTER 2
REVIEW OF LITERATURE
First, historical and current delivery methodologies for professional development
(PD) for educators will be explored. Then, 21st Century skills will be discussed to further
understand what PD is needed to equip STEM educators with relevant skills. Finally,
research will be reported on the theoretical framework for STEM Education in the 21st
Century (SEC) and evaluation methodology to explore the research questions.
Research Questions
To understand if the SEC has meaningful impact on participants’ understanding
and perception of the STEM Education Framework and, therefore, impact on their
inclusion of 21st Century skills in their regular STEM instruction, the following research
questions will be addressed:
1. Is there a statistically significant difference in SEC participants' post STEM
instructional design mean scores and participants' demographics (age, gender,
years of teaching experience, and nationality), controlling for pre STEM
instructional design mean scores?
2. Is there a relationship between SEC participants’ demographics and self-efficacy
mean scores on post STEM instructional design mean scores?
3. Is there a relationship between SEC participants' demographics and perceived
usefulness and ease of use mean scores on post STEM instructional design mean
scores?
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In order to address these research questions, one-way analysis of covariance
(ANCOVA) and linear regression models will be used to analyze the associations of
demographic variables, self-efficacy scores, and perceived ease of use and usefulness for
participants’ STEM instructional design.
Importance of and Need for Teacher Professional Development
Researchers, policymakers, educators and parents agree that one of the most
important in-school factors determining student achievement is teacher quality (George et
al., 2005; Kleiman, 2004); therefore, developing successful teachers is critical (Marzano,
2006). Students’ measured academic achievement grows with the number of years they
work with effective teachers (Kaplan & Owings, 2004). Teacher knowledge and practices
have been found to improve as a result of PD (Lawless & Pellegrino, 2007; Stewart,
2014). Continuous PD is the most effective strategy to ensure continued improvement
(Mcleskey & Waldron, 2002). Professional development is a fundamental approach to
improve educators’ knowledge and skills (Elmore, 2002). The purpose of PD is have a
positive impact on student learning and achievement by making positive impacts on
teachers’ behaviors (Darling-Hammond et al., 2009).
History and Types of Professional Development
One time, one shot in-service workshops that brought teachers together for short
lectures were the most frequent PD experiences for teachers in the 20th Century
(Lieberman, 1995). Traditional PD is typically delivered from outside sources (The
National Academies of Sciences, Engineering, and Medicine, 2015) and offered in a sit,
listen, and absorb approach (McLeskey & Waldron, 2002). In these one-time-workshops
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(Nishimura, 2014), an expert presents information on a topic (Desimone, 2009) and
participants take learned concepts back to their classrooms and implement it
independently (McLeskey & Waldron, 2002). This method of PD has not been found to
have lasting impacts on teacher performance or student outcomes (Nishimura, 2014).
In 2001, Garet et al. described three integral components of effective PD: (1) PD
should be collaborative with active participation, (2) PD should take place over an
extended period of time with continuous interaction, (3) PD activities should be relevant
to everyday teaching settings. Further research identifies additional components of
effective PD, such as a focus on active learning activities, an application to educators’
classroom practices, and content-driven experiences (Archibald et al., 2011; Borko, 2004;
Darling-Hammond & Bransford, 2005; Desimone et al., 2002; Elmore, 2002; Kedzior,
2004; Lieberman & Pointer-Mace, 2009).
Effective Professional Development
Teachers must be provided opportunity to develop the required knowledge and
skills in order to improve their instructional abilities (Reeves, 2012). A high standard of
evidence is required to ensure that teachers are receiving quality PD (Guskey & Sparks,
2000). Professional development delivered over an extended period time gives educators
increased opportunity for in-depth peer-peer discussion of content and pedagogical
approaches (Birman et al., 2000; Garet et al., 2001). Properly developed OPD can give
educators high-quality knowledge and skills over a sustained period of time while
meeting educators’ busy schedules.
Through a national sample of over 1,000 surveyed teachers, Garet et al. (2001)
found that form, duration and participation were reported to have high impact on teacher
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reported outcomes of PD. PD activities that take an active and collaborative form have
positive impact on teacher knowledge (Garet et al., 2001), particularly those in which the
active engagement centers around curriculum planning (Lieberman, 1995; LoucksHorsley et al., 1998). Nishimura (2014) found that PD that takes place over longer
periods of time makes positive impacts on teachers’ instructional abilities and student
outcomes. Participation in content-driven PD in which educators build on their own
content knowledge and that which is grounded in teachers’ daily practices have also been
shown to improve student achievement (Darling-Hammond & McLaughlin, 1995; Hirsh,
2005; Joyce & Showers, 2002). Based on this research, the SEC was developed a.) to be
delivered over ten weeks b.) to have participants actively collaborate with peers via
weekly written discussion boards c.) to have participants develop instruction that
incorporates the criteria in the STEM Education Framework and d.) to have participants
develop instructional practices that can be integrated easily into daily teaching.
Online Professional Development
Online professional development (OPD) is the process of engaging educators,
either partially or completely over the Internet, in learning activities that are designed to
improve their knowledge of professional practice (Fishman et al., 2013; Kleiman, 2004).
OPD can be delivered through a variety of formats including facilitated and self-paced
courses, massive online open courses (MOOCs), and certificate programs (Dash et al.,
2010; Hew & Hara, 2007; Marrero et al., 2010; Reese, 2010; Vivian et al., 2014). Online
learning is increasingly chosen by educators as an avenue for PD because it allows
educators to participate at times that are personally convenient at more affordable costs
(Fisher et al., 2010; A. Holmes et al., 2011), has the benefits of ongoing, real-time
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support (Dede et al., 2009), and places participants within communities of people who are
interested in improving their learning in similar content areas (Lave & Wenger, 1991).
Online professional development (OPD) has many potential benefits for teachers,
schools, districts, states, for-profit, and non-profit organizations. According to a 2007
report from the National Research Council, potential benefits of OPD as identified by
teachers themselves include:
•

Flexibility and versatility – OPD can take many forms and adds
convenience, and scalability when compared with the one-time face-toface workshops.

•

Potential to build community among teachers and across groups – OPD
allows teachers to interact with each other in real time or asynchronously,
offering them time to think deeper on a subject before responding to an
ongoing exchange.

•

New possibilities for accountability – Online course facilitators can easily
track participation and contribution of each participant.

OPD can be scaled to reach an increasing number of teachers in an increasing
number of locations around the globe. No longer are organizations limited to serving
teachers in the organization’s immediate community. Because the Internet is nearly
ubiquitous, OPD can support teachers in low-, medium-, and high-resourced urban,
suburban, and rural communities. High-quality OPD could be a major step in leveling the
playing field among schools in this spectrum of communities. While creating OPD has a
high initial cost of development, sustaining online courses over time has low budgetary
implications. The initial cost of development can be amortized across the number of
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times the same course is offered, essentially meaning that courses pay for themselves
after a finite number of times being offered. The bulk of the cost then becomes paying a
fee for the Learning Management System upon which the course is hosted and the cost of
course facilitators.
Dede et al. (2009), describes a research agenda that focuses of five key areas of
OPD. These areas were applied to SEC as a guide to program planning and enrichment.
First, in order to ensure program goals are met, OPD must be evaluated using empirical
data. Second, outcomes of OPD such as participation and satisfaction must be measured
for effectiveness. Third, research on the delivery within, and the design of the LMS must
be conducted to gauge its impact on teachers’ learning. Fourth, research on OPD
instructors’ online discourse with participants should be conducted to understand the
support structures in place for participants. Fifth, OPD should ensure that participants
receive real-time, ongoing support that accommodates their busy schedules. The SEC
applied these five principles to develop a course to enhance participants’ experience and
learning.
STEM Education and 21st Century Skills
STEM education can be described as the formal teaching and learning in the
STEM fields of science, technology, engineering, and mathematics (Gonzalez & Kuenzi,
2012). In some reports STEM emphasizes only one discipline, whereas in other reports,
two or more, or even all four disciplines must be integrated to be considered STEM
(Breiner et al., 2012; Brown & Borrego, 2013). In either case, STEM education can be
defined as a compilation of instructional strategies that enable students to apply content
knowledge to solve problems using engineering and scientific methods, including
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multiple and diverse technologies (Bybee, 2010b). Benefits of STEM education include
increases in several measures of academic achievement, students interested in STEM
disciplines, and students who choose STEM majors (Moorehead & Grillo, 2013; Zuger,
2012) as well as increases in people ultimately choosing STEM careers (Buckley, 2009).
STEM education has also been shown to have a positive impact on students’
development of 21st Century Skills (Becker & Park, 2011; National Research Council,
2011).
It is necessary for students to be well-versed in 21st Century skills to ensure they
are globally competitive in the workplace (Atkinson, 2012; Breiner et al., 2012; Crippen
& Archambault, 2012). Learning and innovating skills, such as critical thinking, problem
solving, communication and collaboration, are increasingly recognized for better
preparing students for more complex life and work environments in the 21st Century
(P21, 2015). Students must master 21st Century themes in addition to key subjects
(Parsons & Beauchamp, 2012), therefore, schools must promote an understanding of
academic content by weaving 21st Century interdisciplinary themes into key subjects
(P21, 2019). Increasing students’ competencies in 21st Century skills, along with content
knowledge, means students know how to think, not just what to think (Prettyman et al.,
2012).
All STEM disciplines present opportunities for building students’ 21st Century
skills (Bybee, 2010a; Prettyman et al., 2012). Beers (2011) describes three natural
matches between STEM education and 21st Century Skills: 1) through STEM learning,
students have an opportunity to grapple with real-life problems that are engaging and
relevant; 2) while exploring real-life problems, students apply content knowledge in
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innovative ways in which they must access, analyze, and use the information they need to
complete the learning tasks; 3) STEM education allows students to manage time, become
self-directed learners, and collaborate with others, which are important life and career
skills.
STEM Education Framework
In 2014, the New York Academy of Sciences published a white paper that
articulated that, while there are greater numbers of college graduates in STEM disciplines
worldwide than ever before, STEM jobs remain unfilled (Kramer et al., 2014). The white
paper identified one of the underlying causes of this paradox as a shortage of graduates
with fundamental skills such as communication, critical thinking, and teamwork (Kramer
et al., 2014). This white paper prompted the New York Academy of Sciences to conduct
further research on what fundamental skills are necessary for success in the modern
workplace and how to effectively insert opportunities for students to develop these skills
into K-12 education. Upon conclusion of this research, the New York Academy of
Sciences published the STEM Education Framework Research Foundations (Stanford
Research Institution - Education Division, 2016) which identified the Essential Skills and
Supporting Attributes that students must possess and the Instructional Design Principles
and Implementation Supports necessary to effectively embed the Essential Skills into
STEM instruction. The STEM Education Framework Research Foundations is the
bedrock upon which the STEM Education Framework is designed. As mentioned in
chapter one, the STEM Education Framework is a series of holistic rubrics that guide
curriculum developers, teachers, and administrators on developing or evaluating STEM
curricula that provide students opportunities to develop the 21st Century skills. The SEC
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was designed to support classroom educators implement the STEM Education
Framework within their own curriculum or lesson development.
Theoretical Framework
STEM Education in the 21st Century was developed using several theories of human
learning. Learning is an active process of building knowledge (Mascolo et al., 2005) and
is constructed within a variety of contexts and personal experiences (K. Holmes et al.,
2017). Bandura (1986) claimed that learning occurs when the learner has a sufficient
belief in their capabilities and skills. Throughout the SEC, participants completed surveys
in which they reported their perceptions of self-efficacy related to course content. The
implementation of directed discussion threads in OPD is based on Vygotsky's (1978)
sociocultural theory of human learning because it emphasizes the critical role of social
interaction in learning. The SEC required that participants engage each other via written
discussion threads that were monitored by course facilitators. Much research about
maintaining participants’ interest in online courses stems from Bruner's (1966) theory
that learning occurs when participants actively participate in intentionally designed
learning. Further, Dewey (1938) emphasized the need to learn by doing. Applying the
theories by Bruner and Dewey, the SEC required that participants actively develop units
of instruction that applied the content being explored. Forrest and Peterson (2006)
describe Knowles' (1984) learning theory, Andragogy, as having four primary
assumptions. The SEC applied these four principles of adult learners:
1. Adults are self-directed learners: As participants of the SEC completed
assignments, they did so upon choosing their own process and product for
each assignment.
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2. Adults bring their own knowledge and experience to the learning process:
Participants of the SEC were required to have been a teacher for at least one
year prior to taking the course. This gave all participants a minimum
requirement of experience upon which they could build additional knowledge
and skills.
3. Adults come to the learning process ready to learn: Participation in SEC was
completely voluntary. Participants were intrinsically motivated to enroll and
complete the course and did so because they were interested in integrating
21st Century skills into their STEM instruction.
4. Adults are oriented toward immediate application of learned knowledge:
Weekly assignments and the final project of SEC required that participants
develop an instructional unit that they could immediately deploy within their
own K-12 STEM classrooms.
Assessment and Evaluation of Professional Development
STEM Education in the 21st Century (SEC) used three methods to assess and
evaluate participants’ instructional improvement and associated variables: (a) the STEM
Education Framework (New York Academy of Sciences, 2016), (b) Bandura's (1977)
theory of self-efficacy, and (c) perceived usefulness and perceived ease of use as
described by Davis (1989).
Teacher Self-Efficacy
The concept of self-efficacy emerged from Bandura’s (1977) social cognitive
theory and presents a dynamic perspective that accounts for one’s capacity to exercise
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control through intentionality of actions. Teachers’ beliefs in their ability to teach and
impact student learning is connected to social cognitive theory (Tschannen-Moran &
Hoy, 2001; Woolfolk et al., 1990). Self-efficacy impacts one’s ability to complete a task
because it relates to the amount of effort required to complete the task (Bandura, 2010;
Pajares & Schunk, 2001). Teacher self-efficacy is an influential factor on teacher
effectiveness (Bitto & Butler, 2010) and can be positively related to increased student
achievement, motivation, and self-efficacy (Anderson et al., 1988; Caprara et al., 2006;
Tschannen-Moran & Hoy, 2001)
Given the relationship between self-efficacy and the belief in one’s ability to
successfully accomplish a task, Bandura (2001) suggests that teachers with high selfefficacy may have more resilience than teachers with low self-efficacy. Ghaith and Yaghi
(1997) found that teachers who reported high self-efficacy resulted in a higher percentage
of PD goals achieved, as well as a continued use of materials and methods gained in the
PD.
Self-efficacy is linked to distinct realms of functioning (Bandura, 2006) therefore
there is no all-purpose measure for perceived self-efficacy (Choi et al., 2013). Selfefficacy scales must be developed to address specific constructs. Scale items should be
phrased in terms of can do because can is a judgement of capability rather than intention
(Bandura, 2006). Self-efficacy survey items should require that individuals rate the
strength of their belief in their ability to execute specific activities (Bandura, 2006).
While Bandura (2006) cites reliability of data using a 10-point scale, where individuals
record the strength of the their efficacy beliefs from 0 (“Cannot do”); through
intermediate degrees of assurance, 5 (“Moderately certain can do”); to complete
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assurance,10 (“Highly certain can do”), he also notes that people tend to avoid the
extreme positions on a scale. Thus a 100-point efficacy scale, with the same anchors, will
report a stronger predictor of performance than one with a 10-interval scale (Pajares et
al., 2001).
Perceived Usefulness and Perceived Ease of Use
STEM Education in the 21st Century (SEC) was developed to improve educators’
ability to create STEM units of instruction that give participants’ students opportunities to
develop 21st Century skills. Alavi and Henderson (1981) note that if users do not
perceive an application as useful, even if it would objectively improve performance, they
would be unlikely to use it. In order to understand whether SEC has ecological validity,
and therefore, real-world application to STEM educators’ work habits, two constructs,
perceived usefulness and perceived ease of use, are explored. Perceived usefulness is
defined as “the degree to which a person believes that using a particular system would
enhance his or her job performance” while perceived ease of use is defined as “the degree
to which a person believes that using a particular system would be free of effort” (Davis,
1989). According to Davis (1989), perceived ease of use is supported by Bandura's
(1982) research on self-efficacy because Bandura’s description of being able to
successfully accomplish an outcome is similar to perceived usefulness.
Both perceived usefulness and ease of use have been found to exhibit significant
empirical relationships with self-reported measures of usage behavior (Davis, 1989). Ease
of use has been shown to be an antecedent to usefulness which, in turn, is an antecedent
to usage (Davis, 1989). Meaning that research shows an ease of use → usefulness →
usage chain of causality (Radner & Rothschild, 1975). Therefore, if participants report,
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upon completing SEC, high perceived usefulness and ease of use of the STEM Education
Framework, it can be expected that they will continue to use the STEM Education
Framework to influence their instruction.
Summary
Companies need a workforce that has 21st Century skills so they can deal with
unknown challenges and quickly move products to market and compete with global
competition (National Research Council, 2010). In order to prepare the future workforce,
K-12 STEM educators must be equipped with the skills and knowledge to give students
opportunities to develop their own 21st Century skills. In order to equip educators with
the skills and knowledge, high quality PD that meets the demands and limitations of
STEM teachers must be widely available.
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CHAPTER 3
METHODOLOGY
To evaluate the online professional development program, STEM Education in
the 21st Century (SEC), a quantitative descriptive study with causal-comparative design
was utilized. The evaluation focused on exploring the effects of demographics on STEM
instructional design, self-efficacy to implement the STEM Education Framework, and
perceived ease of use and usefulness of the STEM Education Framework (2016). The
following is a discussion of the research design, research questions, hypotheses,
population and sample, methods of data collection, ethics and human relations, data
analysis procedures, and limitations.
Research Design
A quantitative descriptive study with a causal-comparative design, also known as
ex post facto research, is employed to explore the relationship among SEC participants’
demographics, self-efficacy, and perceived usefulness and ease of use for STEM
instructional design. A causal-comparative design allows investigators to find
relationships between independent and dependent variables after an action or event has
already occurred (Brewer & Kuhn, 2010). Kerlinger (1966) defined ex post facto research
as that where the researcher starts with the observation of a dependent variable and then
studies independent variables, in retrospect, for their possible relationship with the
dependent variable. The SEC was completed prior to data analysis; therefore, all data is
already collected and no variables will be experimentally manipulated. In alignment with
Kerlinger, the goal of SEC was to have an impact on participants’ STEM instructional
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ability (dependent variable). The independent variables demographics (age, gender, years
of teaching experience, and nationality), self-efficacy, and perceived usefulness and ease
of use will be studied for their relationships with STEM instructional ability.
Research Questions
Based on the data collected from the SEC, three research questions were designed:
1. Is there a statistically significant difference in SEC participants' post STEM
instructional design mean scores and participants' demographics (age, gender,
years of teaching experience, and nationality), controlling for pre STEM
instructional design mean scores?
2. Is there a relationship between SEC participants’ demographics and self-efficacy
mean scores on post STEM instructional design mean scores?
3. Is there a relationship between SEC participants' demographics and perceived
usefulness and ease of use mean scores on post STEM instructional design mean
scores?
Population and Sample
The participant population includes international K-12 STEM educators who
participate in online professional learning and are able to effectively communicate in
English. SEC was marketed to potential participants via email and social media methods.
Additionally, SEC was advertised on the New York Academy of Sciences’ website and
was open to all K-12 STEM educators who were able to effectively communicate in
English but was limited to the first 100 participants who registered. Participants were
informed that SEC would be free of charge and that future sessions of SEC would cost
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participants an undetermined amount. It was advertised that participants from New York
State who successfully complete SEC would be able to earn Continuing Teacher and
Leader Education credits to maintain their teaching licensure. Nearly 400 people started
the online application; 101 submitted applications by the deadline. Of the 101 applicants,
97 were accepted into the SEC. Four applicants were not granted access to the SEC for
the following reasons: One applicant did not already have a unit of instruction to revise
(this applicant was a first-year teacher with no previously developed instructional units),
another did not have the ability to effectively communicate in English as determined by a
follow up email. Two applicants did not fulfil the required upload of an instructional unit.
These applicants uploaded videos instead of instructional units.
Participants were enrolled through an online learning management system (LMS)
once they were selected and notified of acceptance. A program manager enrolled each
participant individually using that participant’s name and personal information that was
collected during the application process. Prior to the SEC, participants were provided a
syllabus with a general overview, a list of objectives, and the sequence of materials. See
Appendix B for the syllabus.
Methods of Data Collection
Three instruments were used to collect data. SurveyMonkey Apply was used to
collect self-reported participant demographics prior to the SEC. Participants submitted
initial and final STEM instructional units via the LMS that was used to administer the
SEC. Course facilitators evaluated participants’ initial and final STEM instructional unit
submissions for STEM instructional ability using the STEM Education Framework (New
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York Academy of Sciences, 2016). SurveyMonkey was used to collect participants’ selfefficacy (Bandura, 1977) and perceived usefulness and ease of use (Davis, 1989).
Measures
Three measures were collected throughout the SEC. Prior to the launch of SEC,
participants’ demographics were collected via SurveyMonkey Apply. Participants’
STEM instructional ability was collected via the LMS at the onset and at the end of SEC.
Self-efficacy was collected throughout SEC and perceived usefulness and ease of use was
collected at the end of SEC, each via SurveyMonkey. Table 1 displays the timeline of
data collection for each measure.
Table 1
Timeline of Data Collection
Measure
Demographics (Age, Years
of Teaching Experience,
Gender, Nationality)
STEM Instructional Design

Method of
Collection
Survey Monkey
Apply

Initial
Collection
Prior to
SEC

Final
Collection
NA

LMS

Week 1

Week 10

Week 2
Week 3
Week 4
Week 5
Week 6
Week 7
Week 8

NA
NA
NA
NA
NA
NA
NA

Week 10

NA

Self-Efficacy
Critical Thinking
Problem Solving
Creativity
Communication
Collaboration
Data Literacy
Digital Literacy &
Computer Science

SurveyMonkey

Perceived Usefulness and
Ease of Use

SurveyMonkey
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Demographics
Demographic data was collected prior to SEC via SurveyMonkey Apply and was
required of all applicants as part of the application process. To ensure validity of data,
applicants were informed that their responses would have no impact on their acceptance.
Demographics included: a) age, which was collected in the following categories: 21 – 25,
26 – 30, 31 – 35, 36 – 40, 41 – 45, 46 – 50, 51 – 55, 56 – 60, and 61+; b) years of
teaching experience, which was collected in the following categories: 1 – 5, 6 – 10, 11 –
20, and 21+; c) gender, which was collected in the following categories: Male, Female,
and Other; and d) nationality, which was collected by asking participants to type their
country of residence into a text field. Nationality was categorized as participants who
reside in the United States of America (US) and Non-US participants. While race is
typically included as demographic data in many studies, it was excluded because it was
not collected throughout SEC. Developers of SEC determined that since SEC was offered
globally, nationality would be sufficient.
See Table 2 for demographic information. The sample consisted of 45 K-12
STEM educators. The range of participant ages included participants in their early
twenties to those in their sixties. One participant (2.2%) was aged 21-25, two (4.4%)
were aged 26-30, nine (20%) were aged 31-35, thirteen (28.9%) were aged 36-40, five
(11.1%) were aged 41-45, five (11.1%) were aged 46-50, six (13.3%) were aged 51-55,
and four (8.9%) were aged 56-60. Participants were primarily female (64.4%). Five
participants (11.1%) were in their first five years of teaching, 15 (33.3%) in years 6-10,
20 (44.4%) in years 11-20, and 5 (11.1%) had 21+ years of teaching. Of the 45
participants, 21 (46.7%) were from the United States while 24 (53.3%) were foreign.
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Table 2
Demographic Data
Demographic

n

%

21 – 25

1

2.20

26 – 30

2

4.40

31 – 35

9

20.00

36 – 40

13

28.90

41 – 45

5

11.10

46 – 50

5

11.10

51 – 55

6

13.30

56 – 60

4

8.90

Male

16

35.60

Female

29

64.40

1–5

5

11.10

6 – 10

15

33.30

11 – 20

20

44.40

21+

5

11.10

US

21

46.70

Non-US

24

53.30

Age

Gender

Years of Teaching Experience

Nationality

Pre/Post STEM Instructional Design
The STEM Education Framework (2016) is a series of holistic rubrics designed to
evaluate the extent to which a STEM curriculum gives students opportunities to develop
21st Century Skills and was used to measure the SEC participants’ pre and post STEM
instructional design mean scores. The STEM Education Framework (2016) has 26
elements in total; however, the SEC focused on the first seven elements that are
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collectively referred to as the Essential Skills. The seven Essential Skills are critical
thinking, problem solving, creativity, communication, collaboration, data literacy, and
digital literacy & computer science. The holistic rubric criteria for each of the essential
skills is categorized into four proficiency levels: Exemplary, Developing, Basic, and
Undeveloped. To calculate pre and post STEM instructional design mean scores, each of
these proficiencies was assigned a numeric value of 10, 8, 6, and 4, respectively. Each of
these four proficiency levels have detailed criteria for meeting the proficiency level and
the criteria become more complex and rigorous as proficiency improves from
undeveloped to basic to developing, and finally, to exemplary. See Appendix A for the
seven holistic rubrics of the Essential Skills of the STEM Education Framework (2016).
Content validity of the STEM Education Framework was informed by a literature review
that was conducted by the independent non-profit Stanford Research Institute –
Education (Stanford Research Institution - Education Division, 2016). Further content
validity of the STEM Education Framework was established because it was constructed
by an international board of advisors who each have expertise in fields related to its 26
elements.
The researcher and also the primary author of SEC, had no part in evaluating
participants’ initial or final units. The researcher participated by training facilitators on
how to apply the STEM Education Framework (2016) to evaluate STEM curricula.
Facilitators were trained on how to evaluate STEM curricular units according to the
seven Essential Skills of the STEM Education Framework (2016) through a norming
process. Each facilitator was given the same sample instructional unit and asked to
evaluate it by assigning a proficiency level of Exemplary, Developing, Basic, or
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Undeveloped for each of the seven Essential Skills. Facilitators were also asked to submit
written rationale for each of their seven evaluation categories. Upon receiving each
facilitators’ submission, the researcher led a discussion with all three facilitators by
progressing through each of the seven Essential Skills and asking each participant to
share their evaluation and rationale. When differences among initial proficiency
evaluations existed, facilitators were asked to elaborate on their rationale and were
invited to share their rationale for the purpose of agreeing on the same proficiency level
before moving to the next Essential Skill. At the end of the meeting, all facilitators agreed
on the proficiencies of each of the seven Essential Skills of Unit One. At this point they
were instructed to evaluate a second instructional unit, Unit Two, and asked that they
apply the level of critique agreed upon and repeat the independent evaluation process.
Facilitators’ evaluations of Unit Two were unanimous, indicating that facilitators had
been effectively normed. See Table 3 for inter-rater reliability ratings.
In addition to evaluating sample instructional units, facilitators were asked to
provide written contribution to a sample discussion thread of a related topic. Facilitators
were asked to contribute to the discussion thread to enhance the discussion and to
respond to a specific person in the discussion. This process allowed the author and
primary researcher to determine the quality of feedback that could be expected from each
facilitator. Upon reading their responses, the author and researcher determined that all
three facilitators gave feedback of similar quality. It should also be noted that this onetime activity is not indicative of the type of quality that a facilitator may give 55+
participants over ten weeks of a course. Therefore, inter-facilitator reliability of feedback
is acknowledged as a limitation of data validity.
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Table 3
Inter-rater Reliability
Essential Skill

Rater 1

Rater 2

Rater 3

Initial Rating of Unit One
Critical Thinking

Basic

Basic

Developing

Problem Solving

Basic

Undeveloped

Basic

Undeveloped

Basic

Basic

Communication

Basic

Developing

Basic

Collaboration

Basic

Basic

Basic

Data Literacy

Basic

Undeveloped

Basic

Undeveloped

Undeveloped

Basic

Creativity

Digital Literacy & Computer
Science

Initial Rating of Unit Two
Critical Thinking

Basic

Basic

Basic

Problem Solving

Undeveloped

Undeveloped

Undeveloped

Basic

Basic

Basic

Communication

Developing

Developing

Developing

Collaboration

Developing

Developing

Developing

Data Literacy

Developing

Developing

Developing

Digital Literacy & Computer
Science

Exemplary

Exemplary

Exemplary

Creativity

In week one of SEC, each participant submitted an instructional unit they
previously taught in their classrooms. Unit submissions included all instructional artifacts
that the participant used to teach the unit, that could include worksheets, videos, slide
decks, external websites, lesson plans, scope & sequences, etc. Facilitators evaluated each
participant’s unit by assigning it a proficiency level of Exemplary, Developing, Basic, or
Undeveloped in each of the seven Essential Skills. Proficiencies were then assigned a
numeric value of 10, 8, 6, or 4, respectively. Mean pre STEM instructional design scores
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were calculated using the assigned numeric values. Participants updated and revised this
unit as they progressed through the SEC. In week ten, participants submitted an updated
version of the original instructional unit. Participants’ updated version included relevant
original instructional artifacts as well as instructional artifacts that the participant
included for the purpose of improving their proficiency level in each of the seven
Essential Skills. After participants submitted their final units, facilitators re-evaluated the
unit submissions and calculated mean post STEM instructional design scores through the
same process.
Self-Efficacy
Participant self-efficacy data for each Essential Skill was collected via
SurveyMonkey at two points throughout SEC: at the end of the week in which
participants received the respective content (weeks 2-8), and at the end of SEC. In each
survey, participants were emailed the survey using SurveyMonkey’s email client. The
email included an introductory paragraph that explained that the survey would neither be
seen by facilitators, nor affect the course grade of the participants.
Self-efficacy of each Essential Skill was assessed with a unique self-efficacy scale
tailored to the criteria identified in the Exemplary proficiency of the respective Essential
Skill. Table 4 displays the number of self-efficacy survey items per Essential Skill. To
ensure validity of the survey items, Bandura’s (2006) Guide to Constructing SelfEfficacy Scales was used to develop questions that address the self-efficacy of each
participant for each Essential Skill. In the post-content surveys (weeks 2-8), Bandura’s
guide was applied while writing questions to assess self-efficacy aligned to individual
competencies identified within the exemplary proficiency of each respective Essential
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Skill (see Appendix C for survey items). In all surveys, questions began with the phrase,
“To what degree can you…” and ended with specific criteria identified within the
Exemplary proficiency of the respective Essential Skill.
Table 4
Reliability of Self-Efficacy Scales

Essential Skill
Critical Thinking
Problem Solving
Creativity
Communication
Collaboration
Data Literacy
Digital Literacy & Computer Science

Number of
Items in Scale



7
7
5
7
4
9
5

0.897
0.939
0.952
0.928
0.921
0.96
0.97

In order to increase reliability of this scale by way of internal consistency,
responses to all survey items were captured via a sliding bar where participants record the
strength of their efficacy beliefs on a 100-point scale, ranging in single-unit intervals
from 0 (“None”); through intermediate degrees of assurance, 50 (“Some”); to complete
assurance, 100 (“A Great Deal”) rather than Bandura’s 10-point scale. People usually
avoid the extreme positions so a scale with limited response options may, in actual use,
shrink to one or two points (Bandura, 2006). Thus an efficacy scale with the 0-100
response format is a stronger predictor of performance than one with a 10-interval scale
(Pajares et al., 2001). To ensure internal consistency of the scale, Cronbach’s Alpha was
calculated on each of the seven self-efficacy scales. Table 4 displays alpha levels of each
self-efficacy scale.
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Perceived Usefulness and Ease of Use
Data for perceived ease of use and perceived usefulness was collected at the end
of SEC. Survey items to collect this data were included in the final survey along with
self-efficacy and additional course-related questions. Survey items were adapted from
Davis’s (1989) development of valid perceived usefulness and perceived ease of use
scales. Six items made up the adapted perceived usefulness and ease of use scale. Three
items measured perceived usefulness and three additional items measured perceived ease
of use. In alignment with Davis’s validated scale, responses to these six items were
captured via a seven-point Likert scale with the anchors being “Extremely unlikely” and
“Extremely likely”. See Appendix C for complete survey items. To ensure internal
consistency of the scale, Cronbach’s Alpha was calculated on each of the scales as well as
the combined scale. Table 5 displays alpha levels of each scale.
Table 5
Reliability of Perceived Usefulness and Perceived Ease of Use Scales

Scale
Perceived Usefulness
Perceived Ease of Use
Perceived Usefulness and Ease of
Use (Combined)

Number of
Items in Scale



3
3

0.784
0.855

6

0.871

Ethics and Human Relations
Three online tools were used to collect data: SurveyMonkey Apply,
SurveyMonkey, and Schoology. At the end of SEC, all data, including names and email
addresses of participants, were downloaded and stored on the New York Academy of
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Sciences’ server in compliance with the European Union’s General Data Protection
Regulation (European Parliament and of the Council, 2016). Prior to accessing the data
for analysis, an employee of the New York Academy of Sciences wiped the data of all
personally identifying information and gave each participant a unique identifying code.
This unique identifying code provided the ability to track participants’ data without
knowing any personally identifying information about participants. This process ensured
that participants’ sensitive information is protected in accordance with IRB guidelines.
Data Analysis Procedures
Descriptive statistics were conducted to characterize the variables. For continuous
variables, the distribution were reported to determine if the variable violates assumptions
of normality.
Data analysis involved examining the relationship among the following
independent variables: age, gender, years of teaching experience, nationality, selfefficacy, and perceived usefulness and ease of use, and one dependent variable: STEM
instructional design. Evaluations of initial STEM instructional units served as the
baseline measure of STEM instructional design and final evaluations of participants’
revised STEM instructional units served as the posttest for this dependent variable.
Participant results on self-efficacy and perceived usefulness and ease of use surveys
served as the measures of their respective dependent variables. See measures section for
more details on psychometric properties and scale development procedures on each
measure used.
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Table 6
Research Models for Analyzing STEM Instructional Design
Question

Research Question

Statistical Independent
Design
Variables

Dependent Covariate
Variable

1

Is there a statistically
ANCOVA Gender, Years Post STEM Pre STEM
significant difference in
of Teaching Instructional Instructional
SEC participants' post
Experience,
Design
Design
STEM instructional design
Nationality, Age
mean scores and
participants' demographics
(age, gender, years of
teaching experience, and
nationality), controlling for
pre STEM instructional
design mean scores?

2

Is there a relationship
between SEC participants’
demographics and selfefficacy mean scores on
post STEM instructional
design mean scores?

Linear
Regression
Model

Gender, Years Post STEM
of Teaching Instructional
Experience,
Design
Nationality, age,
Self-Efficacy

N/A

3

Is there a relationship
between SEC participants'
demographics and
perceived usefulness and
ease of use mean scores on
post STEM instructional
design mean scores?

Linear
Regression
Model

Gender, Years Post STEM
of Teaching Instructional
Experience,
Design
Nationality, age,
Perceived
Usefulness and
Ease of Use

N/A

** post hoc analyses were conducted, when relevant, using Bonferroni correction (Dunn,
1961)

One-way analysis of covariance (ANCOVA) was used to analyze statistical
differences in STEM post instructional improvement mean scores with the independent
variables of gender, years of teaching experience, and nationality controlling for the
covariate of participants’ pre STEM instruction mean scores representing baseline
achievement in STEM instructional abilities. One-way ANCOVA was used because it
assesses the extent to which an independent, categorical variable (gender, age years of
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teaching experience, nationality) is associated with a continuous dependent variable
(STEM instructional design as measured according to the STEM Education Framework
(2016) while controlling for a third covariate variable (initial STEM instructional ability)
in order to remove the effect of the covariate on the relationship between the independent
and dependent variables (Laerd Statistics, 2018). An analysis of covariance (ANCOVA)
was conducted on the sample of participants who completed all aspects of the course (n =
45) to assess the impact of age, gender, years of teaching experience, and nationality on
instructional improvement, controlling for baseline instructional abilities, to answer
question one. Age and years of teaching experience were collected as categorical
variables. Nationality was recoded to represent US and non-US participants. If an overall
effect is found, post hoc analyses will be conducted to further characterize the
relationships of the variables using Bonferroni tests.
Linear regression models were intended to be used to answer questions two and
three. For question two, the association of demographic variables and self-efficacy mean
scores with post STEM instructional design mean scores was investigated. Post STEM
instructional design mean scores were used as the dependent variable, gender, age, years
of teaching experience, nationality, and self-efficacy were used as the independent
variables. Categorical data (age, years of teaching experience, gender, and nationality)
were dummy coded with the first option used as the reference category for each item.
Prior to running the linear regression model, correlations between the independent
variables and dependent variables were run. Only variables with statistically significant
correlations were used in the linear regression model. The same process was followed for
question three with the dependent variable post STEM instructional design mean scores
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and the independent variables gender, age, years of teaching experience, nationality, and
perceived usefulness and ease of use. Table 6 displays the research models for analyzing
STEM instructional design.
Limitations
All surveys were all self-reported. Self-reported data has well known
disadvantages and advantages (Gonyea, 2005). In spite of the limitations of self-reported
data, this was the most efficient method to measure participants’ perceptions of their own
self-efficacy and their perceived ease of use and usefulness of the STEM Education
Framework. Survey results may not be without some bias as respondents may have
completed the survey because they thought it was the expectation. It is possible that
participants did not give much thought or insight into the questions being asked.
Several inherent threats to internal validity exist with causal comparative
methodology (Brewer & Kuhn, 2010). Internal threats to validity include history,
selection, mortality, testing and instrumentation. The SEC intervention took place over a
continuous ten-week period. This lengthy time period introduced the threat that
participants could quit completing assignments and submitting data (mortality), and it
also introduced the threat that participants might be impacted by external learning on the
subject matter (history). A requirement for participation in the SEC was that participants
must possess the technical ability to log into an online platform – meaning that selection
criteria would exclude some otherwise potential participants and therefore bias the
population. However, SEC was designed to be fully executed online and intended for
participants who had the appropriate technical knowledge and ability, thus ensuring SEC
has ecological validity. While the construct of STEM instructional design was measured
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through pre-/post-test design, neither the pre- nor post-test required participants to answer
content questions. Instead, facilitators of SEC used the STEM Education Framework
(2016) to evaluate participants’ initial instructional units (pre-test) and their revised
instructional units upon the completion of SEC (post-test). Therefore, the internal threat
due to testing is mitigated because participants gained no knowledge of the STEM
Education Framework (2016) or of STEM instructional practices by completing either
test. Instrumentation was also mitigated as a threat to internal validity because the survey
procedure and the sentence stems for the survey items remained the same across all
points of data collection.
Threats to external validity may occur due to the fact that participants voluntarily
enrolled in and completed SEC requirements via online protocols. The online selection
process resulted in participants who were more likely to be sensitive to the experience of
an online course, resulting in the external threat of interaction of selection and treatment.
Furthermore, participants completed SEC online meaning that the threat of interaction of
setting and treatment has implications on whether this study could be replicated in an inperson setting. However, SEC was intended for online delivery, thus these threats were
necessary to achieve ecological validity.
Delimitations
Delimitations are factors that may influence a study, but are controlled by the
researcher (Simon, 2011) and help narrow the scope of a study (Creswell, 2017). The
findings were limited to an initial acceptance of 100 participants. Furthermore,
participants were required to be K-12 classroom teachers of science, technology,
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engineering, or mathematics content areas who were able to effectively communicate in
English and access SEC through a specific internet-based learning management system.
Summary
Chapter 3 presented the methodology and procedures used. A quantitative, causal
comparative methodology was used, and information regarding the sample population
and sample size was discussed. Each of the measures: Demographics, Self-Efficacy,
Perceived Usefulness and Ease of Use, and STEM instructional design were discussed in
detail along with research question-aligned data analysis procedures. Data analysis
involve one-way ANCOVA and linear regression models. Due to the nature of data
collected and the means by which the SEC was administered, internal and external threats
exist and were described.
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CHAPTER 4
FINDINGS
Careers in STEM are becoming increasingly prominent (Bughin et al., 2019) yet
many graduates entering the workforce lack essential skills necessary for success in
modern careers (Kramer et al., 2014). While educational standards for STEM exist, no
metric for inclusion of 21st Century skills has been widely adopted. The New York
Academy of Sciences developed and delivered SEC, an online course designed to support
the inclusion of essential skills into STEM curricula.
Research Questions
In order to describe and evaluate the effectiveness of SEC, three research questions were
defined:
1. Is there a statistically significant difference in SEC participants' post STEM
instructional design mean scores and participants' demographics (age, gender,
years of teaching experience, and nationality), controlling for pre STEM
instructional design mean scores?
2. Is there a relationship between SEC participants’ demographics and self-efficacy
mean scores on post STEM instructional design mean scores?
3. Is there a relationship between SEC participants' demographics and perceived
usefulness and ease of use mean scores on post STEM instructional design mean
scores?
Statistical analysis of the quantitative results addresses each of the null hypotheses:
H0 1: Participants’ demographics will have no influence on instructional improvement
controlling for initial instructional mean scores.
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H0 2: Participants’ demographics will have no influence on the relationship between
self
efficacy and post STEM instructional design mean scores, controlling for initial
instructional means scores.
H0 3: Participants’ demographics will have no influence on the relationship between
perceived usefulness and ease of use and post STEM instructional design mean
scores,
controlling for initial instructional evidence.
Data Description
Data were obtained from a sample of 45 participants of SEC. Each participant
submitted an initial STEM instructional unit as well as a final STEM instructional unit.
These units were evaluated by a trained instructor and their scores were used to measure
STEM instructional design. Self-efficacy for each essential skill was measured via a
unique 100-point scale. Perceived usefulness and ease of use was measured via sevenpoint Likert Scales. All data collected were checked for errors and imported into
Statistical Product and Service Solutions (SPSS) for descriptive and inferential statistical
analysis.
Results
The following section presents the results for each research question.
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STEM Instructional Design
Research question one was analyzed using four one-way ANCOVAs conducted to
determine if there was statistically significant difference between each of the four
independent variables (age, gender, years of teaching experience, and nationality) and
post STEM instructional design, when controlling for pre STEM instructional design. In
order to increase the sample size for grouping variables, age and years of teaching
experience were recoded into two groups prior to running the ANCOVAs. Of the
participants, 25 (55.6%) were aged 21 – 40 while 20 (44.4%) were aged 41 – 60.
Furthermore, 20 participants (44.4%) were in their first ten years of teaching, while 25
(55.6%) were in years 11 – 21+. Table 8 shows the mean and standard deviation of post
STEM instructional design scores for each of the groups.
In order to determine if SEC had a significantly different effect on post STEM
instructional design based on demographics, four research models corresponding to
research question one were created, as illustrated in Table 7. The first model, 1A,
compared post STEM instructional design scores of SEC participants aged 21 – 40 with
SEC participants aged 41 – 60. The second model, 1B, compared post STEM
instructional design scores of males in SEC with females in SEC. The third model, 1C,
compared post STEM instructional design scores of SEC participants with 1 – 10 years of
teaching experience with SEC participants with 11 – 21+ years of teaching experience.
The fourth model, 1D, compared post STEM instructional design scores of US
participants of SEC with non-US participants of SEC.
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Table 7
ANCOVA Research Models for Analyzing Improvement of STEM Instructional Design
Based on Demographics
Model

Research Question

Independent
Variable

Dependent
Variable

Covariate

Comparison
Groups

1A

Is there a statistically
significant difference in SEC
participants' post STEM
instructional design mean
scores and participants'
demographics (age, gender,
years of teaching experience,
and nationality), controlling for
pre STEM instructional design
mean scores?

Age

Post STEM
Instruction
al Design

Pre STEM
Instructio
nal Design

Participants
Aged 21 – 40
Compared to
Participants
Aged 41 – 60

1B

Is there a statistically
significant difference in SEC
participants' post STEM
instructional design mean
scores and participants'
demographics (age, gender,
years of teaching experience,
and nationality), controlling for
pre STEM instructional design
mean scores?

Gender

Post STEM
Instruction
al Design

Pre STEM
Instructio
nal Design

Males
Compared to
Females

1C

Is there a statistically
significant difference in SEC
participants' post STEM
instructional design mean
scores and participants'
demographics (age, gender,
years of teaching experience,
and nationality), controlling for
pre STEM instructional design
mean scores?

Years of
Teaching
Experience

Post STEM
Instruction
al Design

Pre STEM
Instructio
nal Design

Participants
with 1 – 10
Years of
Teaching
Experience
Compared
with 11 – 21+
Years of
Teaching
Experience

1D

Is there a statistically
significant difference in SEC
participants' post STEM
instructional design mean
scores and participants'
demographics (age, gender,
years of teaching experience,
and nationality), controlling for
pre STEM instructional design
mean scores?

Nationality

Post STEM
Instruction
al Design

Pre STEM
Instructio
nal Design

US
Participants
Compared to
Non-US
Participants
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Table 8
Pre and Post STEM Instructional Design Scores by Grouping Variables
Pre STEM Instructional
Design Scores
Independent Variable
Age
Gender
Years of Teaching
Experience
Nationality

Post STEM
Instructional
Design Scores

M

SD

M

SD

21 – 40 (n = 25)

2.12

0.46

2.89

0.51

41 – 60 (n = 20)

2.17

0.69

3.02

0.48

Male (n = 16)

2.06

0.67

2.84

0.45

Female (n = 29)

2.19

0.51

3.01

0.52

2.03

0.38
2.84

0.42

Group

1 – 10 (n = 20)
11 – 21+ (n = 25)

2.24

0.68

3.05

0.54

US (n = 21)

1.95

0.48

2.97

0.42

Non-US (n = 24)

2.31

0.60

2.93

0.57

Note: M = mean. SD = standard deviation.

For research model 1A (see Table 7), a one-way ANCOVA was conducted to
determine if there was a statistically difference between post STEM instructional design
scores of SEC participants aged 21 - 40 compared with SEC participants aged 41+. As
shown in Table 8, the data indicate mean post STEM instructional design score was 0.13
points higher for participants aged 41+ (M = 3.02, SD = 0.48) compared to participants
aged 21 – 40 (M = 2.89, SD = 0.51).

Table 9 illustrates the results of the ANCOVA for research model 1A which show
that age did not have a significant effect on post STEM instructional design scores when
controlling for pre STEM instructional design scores, F(1, 44) = .73, p = .399.
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Table 9
ANCOVA Results: Comparison of Post STEM Instructional Design Scores
Between Age Groups

Source
Age
Pre STEM
Instructional Design
Error

Type III
Sum of
Squares
0.08

df

Mean
Square

F

1

0.08

0.73

5.89

1

5.89

51.49

4.80

42

0.11

Note. Pre STEM Instructional Design Scores are the covariate. *p<.05

For research model 1B (see Table 7), a one-way ANCOVA was conducted to
determine if there was a statistically difference between post STEM instructional design
scores of SEC male and female participants of SEC. As shown in Table 8, the data
indicate mean post STEM instructional design score was 0.17 points higher for female
participants (M = 3.01, SD = 0.52) compared to male participants (M = 2.84, SD = 0.45).
Table 10 illustrates the results of the ANCOVA for research model 1B which show that
gender did not have a significant effect on post STEM instructional design scores when
controlling for pre STEM instructional design scores, F(1, 44) = .77, p = .386.
For research model 1C (see Table 7), a one-way ANCOVA was conducted to
determine if there was a statistically difference between post STEM instructional design
scores of SEC participants with 1 – 10 years of teaching experience compared with SEC
participants with 11+ years of teaching experience. As shown in Table 8, the data indicate
mean post STEM instructional design score was 0.13 points higher for participants with
11+ years of teaching experience (M = 3.05, SD = 0.55) compared to participants with 1 –
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10 years of teaching experience (M = 2.84, SD = 0.42). Table 11 illustrates the results of
the ANCOVA for research model 1C which show that years of teaching experience did
not have a significant effect on post STEM instructional design scores when controlling
for pre STEM instructional design scores, F(1, 44) = .54, p = .468.
Table 10
ANCOVA Results: Comparison of Post STEM Instructional Design Scores Between
Males and Females

Source
Gender
Pre STEM
Instructional Design
Error

Type III
Sum of
Squares
0.09

df

Mean
Square

F

1

0.09

0.77

5.74

1

5.74

50.31

4.79

42

0.11

Note. Pre STEM Instructional Design Scores are the covariate. *p<.05

For research model 1D (see Table 7), a one-way ANCOVA was conducted to
determine if there was a statistically difference between post STEM instructional design
scores of US participants of SEC compared with non-US participants of SEC. As shown
in Table 8, the data indicate mean post STEM instructional design score was 0.04 points
higher for US participants (M = 2.97, SD = 0.42) compared to non-US participants (M =
2.93, SD = 0.57). Table 12 illustrates the results of the ANCOVA for research model 1D
which show that nationality had a significant, positive effect on post STEM instructional
design scores when controlling for pre STEM instructional design scores, F(1, 44) = 9.11,
p = .004.
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Table 11
ANCOVA Results: Comparison of Post STEM Instructional Design Scores Between
Years of Teaching Experience Groups

Source
Years of Teaching
Experience
Pre STEM
Instructional Design
Error

Type III
Sum of
Squares

df

Mean
Square

F

0.06

1

0.06

0.54

5.55

1

5.55

48.31

4.82

42

0.12

Note. Pre STEM Instructional Design Scores are the covariate. *p<.05

Table 12
ANCOVA Results: Comparison of Post STEM Instructional Design Scores Between
Nationality Groups

Source
Nationality
Pre STEM
Instructional Design
Error

Type III
Sum of
Squares

df

Mean
Square

F

0.87

1

0.87

9.11*

6.83

1

6.83

71.46*

4.01

42

0.09

Note. Pre STEM Instructional Design Scores are the covariate. *p<.005

Self-Efficacy
Research question two was analyzed using Pearson correlation coefficient to
determine the strength of the relationship between the four independent variables (age,
gender, years of teaching experience, and nationality) and participants’ self-efficacy of
each Essential Skill (critical thinking, problem solving, creativity, communication,
collaboration, data literacy, and digital literacy and computer science). Table 13 shows
the range, mean, and standard deviation of each self-efficacy scale.
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Table 13
Self-Efficacy Descriptives
Self-Efficacy Scale
Critical Thinking

Range

M

SD

0 – 700

443.62

107.34

Problem Solving

0 – 700

489.08

109.93

Creativity

0 – 500

360.03

85.7

Communication

0 – 700

511.19

102.88

Collaboration

0 – 400

305.56

55.47

Data Literacy

0 – 900

626.96

129.66

Digital Literacy & Computer Science

0 – 500

362.12

102.08

Values for Pearson correlation coefficients are displayed in Table 14. While most
of the self-efficacy scales returned significant correlational relationships at 0.01 or 0.05
levels, none of the independent variables were correlated at a 0.05 significance with any
of the self-efficacy scales. As noted in Table 6, linear regression models were expected to
be conducted; however, no significant relationships between independent variables and
self-efficacy scales exist. Therefore, no linear regression models are appropriate to run.
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Table 14
Correlations of Age, Years of Teaching Experience, Gender, Nationality, and SelfEfficacy
Variable
Age
Years of Teaching
Experience
Gender
Nationality
Self-Efficacy
Predictor Variable
1 Critical Thinking
2 Problem Solving
3 Creativity
4 Communication
5 Collaboration
6 Data Literacy
7 Digital Literacy
& Computer
Science

1
-.025
.067

2
-.019
.130

3
.242
.106

4
.074
-.102

5
.073
.061

6
.058
-.141

7
.311
.158

.006
.043

-.033
.116

-.003
-.076

-.141
-.165

-.183
.122

.005
-.043

.354
.215

—

.691** .598** .671**
—
.608** .672**
—
.824**
—

.606** .345
.651** .507*
.758** .658**
.857** .607**
—
.320
—

.390
.489*
.739**
.422
.383
.060
—

Note: **p≤ .01 *p≤ .05

Perceived Usefulness and Ease of Use
Research question three was analyzed using Pearson correlation coefficient to
determine the strength of the relationship between the four independent variables (age,
gender, years of teaching experience, and nationality) and participants’ perceived
usefulness, perceived ease of use, and combined perceived usefulness and ease of use
scales. Table 15 shows the range, mean, and standard deviation of each of the scales.
Values for Pearson correlation coefficients are displayed in Table 16. While the
results for perceived usefulness, perceived ease of use, and combined perceived
usefulness and ease of use returned significant correlational relationships (p≤0.01), none
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of the independent variables were significantly correlated at a 0.05 level with any of the
scales. As noted in Table 6, linear regression models were expected to be conducted;
however, no significant relationships between independent variables and the perceived
usefulness, perceived ease of use, or combined perceived usefulness and ease of use
scales exist. Therefore, no linear regression models are appropriate to run.
Table 15
Perceived Usefulness and Ease of Use Descriptives
Scale
Perceived Usefulness

Range

M

SD

0 – 21

18.17

2.96

Perceived Ease of Use

0 – 21

17.63

3.05

Perceived Usefulness and Ease of Use
(Combined)

0 – 42

35.79

5.46

Table 16
Correlations of Age, Years of Teaching Experience, Gender, Nationality
and Perceived Usefulness and Ease of Use
Variable
Age
Years of Teaching Experience
Gender
Nationality
Predictor Variable
1 Perceived Usefulness
2 Perceived Ease of Use
3 Perceived Usefulness and Ease of Use
Note: **p≤.01

1
-.034
-.142
-.049
-.403

2
.025
.267
-.149
-.293

3
-.005
.072
-.109
-.382

—

.653**
—

.906**
.912**
—
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Summary
Research question one was analyzed using four one-way ANCOVAs conducted to
determine if there was statistically significant difference between each of the four
independent variables (age, gender, years of teaching experience, and nationality) and
post STEM instructional design, when controlling for pre STEM instructional design. Of
these independent variables, only nationality had a significant, positive effect on post
STEM instructional design scores when controlling for pre STEM instructional design
scores, F(1, 44) = 9.11, p < .005. Research question two was analyzed using Pearson
correlation coefficient to determine the strength of the relationship between the four
independent variables (age, gender, years of teaching experience, and nationality) and
participants’ self-efficacy of each Essential Skill (critical thinking, problem solving,
creativity, communication, collaboration, data literacy, and digital literacy and computer
science). While most of the self-efficacy scales returned significant correlational
relationships at 0.01 or 0.05 levels, none of the independent variables were correlated at a
0.05 significance with any of the self-efficacy scales. Research question three was
analyzed using Pearson correlation coefficient to determine the strength of the
relationship between the four independent variables (age, gender, years of teaching
experience, and nationality) and participants’ perceived usefulness, perceived ease of use,
and combined perceived usefulness and ease of use scales. While the results for perceived
usefulness, perceived ease of use, and combined perceived usefulness and ease of use
returned significant correlational relationships (p≤0.01), none of the independent
variables were significantly correlated at a 0.05 level with any of the scales.
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CHAPTER 5
DISCUSSION

STEM careers are becoming increasingly prominent (Bughin et al., 2019) and
more people are graduating with STEM degrees. However, many STEM positions are
going unfilled because many STEM graduates lack the complementary fundamental skills
of critical thinking, problem solving, creativity, communication, and collaboration
necessary for successful employment (Kramer et al., 2014). It is generally accepted that
the purpose of education is to equip people with the skills and knowledge to be
productive citizens. Therefore, teachers need support to be able to equip students with the
Essential Skills. Given the nature of demands on educators, online courses present a cost
and time effective method of supporting professional development of educators.
There are standards in STEM education such as the Next Generation Science
Standards and the Common Core State Standards; however, there are no standards or
metric for the inclusion of 21st Century skills into STEM instruction. In 2016, the New
York Academy of Sciences developed the STEM Education Framework which is a series
of holistic rubrics that detail criteria for effective inclusion of 21st Century skills in
STEM education. The New York Academy of Sciences developed an online course,
STEM Education in the 21st Century (SEC), to support educators as they learn how to
use the STEM Education Framework as a tool to improve students’ opportunities to
develop 21st Century skills in STEM classrooms.

ONLINE COURSE: 21ST CENTURY SKILLS IN STEM CURRICULA

66

Research Questions
In order to describe and evaluate the effectiveness of SEC, three research questions
were defined:
1. Is there a statistically significant difference in SEC participants' post STEM
instructional design mean scores and participants' demographics (age, gender,
years of teaching experience, and nationality), controlling for pre STEM
instructional design mean scores?
2. Is there a relationship between SEC participants’ demographics and self-efficacy
mean scores on post STEM instructional design mean scores?
3. Is there a relationship between SEC participants' demographics and perceived
usefulness and ease of use mean scores on post STEM instructional design mean
scores?
Findings and Interpretations
STEM Instructional Design
The primary aim of SEC was to support K-12 STEM educators as they revised an
instructional unit so that it provided students with increased opportunities to develop 21st
Century skills. In order to understand if certain groups of STEM educators are better
suited for the course, demographics (age, years of teaching experience, gender,
nationality) were used as independent variables throughout the study. Table 8 displays
the means and standard deviations of all demographic groups’ pre and post STEM
instructional design scores and shows that all groups improved from pre to post
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evaluation. Further data analysis showed no statistical significance between any of the
demographic variables with the exception of nationality.
While the goal was to understand which demographics were better suited for
SEC, it makes perfect sense that the demographics of age, years of teaching experience,
and gender would yield no statistical significance between their respective groups. The
STEM Education Framework is not a widely distributed resource for educators.
Therefore, it is unlikely that any of the participants have previously encountered the
STEM Education Framework. Since none of the participants had previously encountered
the STEM Education Framework, there would be no way that any participant could have
submitted an initial instructional unit that would have been fully aligned. It is plausible
that some participants could have previously learned some instructional practices on a
few of the Essential Skills, for example the Four C’s (critical thinking, communication,
collaboration, and creativity) are widely known as being beneficial to students, but it is
unlikely that participants had prior in-depth exposure to all seven.
In order to determine whether participants had previously encountered the STEM
Education Framework or similar resource, two survey items could be added to course
registration: 1) “Have you ever used the STEM Education Framework or a similar
resource to support your inclusion of 21st Century skills into your instruction?” 2) “If
your answer to the previous question was ‘Yes’, please name the resource or provide its
URL.” Selection responses to the first question would take multiple choice format with
the options of “Yes” or “No”. The response to the second question would be short answer
text. While this method may deepen the understanding of impact for future sessions of
the course, it might also be prudent to further explore the current data set. To answer
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research question one, all seven pre STEM instructional design scores were recoded as a
mean score, as were all seven post STEM instructional design scores. In order to evaluate
change in pre/post STEM instructional design scores, these means were compared.
However, we might learn about the impact of SEC by comparing respective pre/post
mean scores of each essential skill. This would allow the option to compare the change in
mean scores and inform which essential skill(s) participants had the most changes. This
could lead to more exploratory research to understand the nature of noteworthy results.
Further rationale for the lack in statistically significant results is the fact that
education in the US is guided by state or national standards. Many countries and all US
states have required educational standards for each of the STEM fields. This often
requires that educators teach a list of pre-determined standards to their students for the
purpose of helping students pass a standardized test. Standardized tests measure the
content knowledge that students have retained rather than the skills they have developed.
Therefore, educators must spend more time teaching to the standards than structuring the
teaching and learning process so that it provides students opportunities to develop 21st
Century skills. Adding the following additional question to the enrollment form may
support understanding of the degree to which teachers are encouraged to provide
students’ opportunities to develop 21st Century skills: “To what degree do you currently
feel supported by your school/district administrators to include 21st Century skills
development in your standards-aligned lesson planning?” This item could be measured
with a 100-point sliding scale with zero, “Not at all”, 50, “A moderate amount”, 100, “A
great deal.”
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It also makes sense that nationality had a statistically significant difference
between pre and post data. Looking at Table 8, it is evident that nationality is significant
due to US participants making the greatest gains from pre to post ( = +). This can
be explained based on several aspects of how SEC was developed. SEC was primarily
developed by a US author who has exclusively US teaching experience. This is relevant
because the tools, strategies, examples, and structure of the course are more common to
the experiences of US educators. While the components of the course are relevant to nonUS educational settings, it might take more work on the part of the participants to make
sense of the course materials. Further, the course was developed and delivered in US
English dialect. Therefore, it is more likely that non-US participants required additional
cognitive steps to interpret and apply the content of SEC.
While it is fair to say that participants of SEC improved their ability to develop
STEM instructional units, as measured by the STEM Education Framework, more
research would likely provide additional understanding of how well this course supports
participants. First, as previously identified, many participants have likely had some
exposure to the Four Cs. It would be worth exploring which of the essential skills
participants showed the most and least gains. Areas of little gain could show areas where
participants have had previous exposure. Areas of little gain could help identify
components of the course that are in need of improvement or are areas where educators
need further support to effectively implement. Second, it is plausible that significant
results were rarely found because of the low sample size (n = 45). Delivering SEC
through the same methods to more participants would provide additional data points and
enhance data analysis.
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Exploring how SEC impacted participants’ ability to develop STEM instructional
units led to two interesting observations. First, delivering professional development to
educators in an online environment can be successful. Throughout SEC, participants
learned about and applied a unique essential skill to their own instruction each week of
the course. When educators are provided quality support and direction, they are more
than capable of, not only learning new content, but applying the new content to their
instruction in quick turnaround. Second, based on the fact that all participant groups
improved their STEM instructional design from pre to post (see Table 8), it is clear that
there are educators who stand to benefit from applying the STEM Education Framework
to their instruction.
Self-Efficacy
Research question two seeks to understand the relationships between the
independent variables (age, years of teaching experience, gender, and nationality) and
SEC participants’ perceived self-efficacy for each of the essential skills. It was
discovered that self-efficacy of the seven essentials skills are highly related to each other;
however, none of the independent variables had any significant relationship with any of
the self-efficacy scales. The lack of significant relationships between the independent
variables and self-efficacy is logical because an educator’s age, years of teaching
experience, gender, or nationality would not have an impact on their perceived ability to
complete a task or control their environment based on a never before experienced set of
criteria. In this case, participants had never before experienced the STEM Education
Framework. Therefore, it is logical that no grouping variable (see Table 8) had a stronger
relationship with any of the self-efficacy scales than another. To support this claim, it
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would be helpful to have data from more participants. Only 45 people participated in
SEC and many of them did not complete all weekly surveys. Increasing the number of
participants who complete the surveys would enable a more accurate analysis of this data.
It would also be helpful to understand how participants’ self-efficacy changed
throughout the course. Therefore, a recommendation would be to pose the self-efficacy
questions to participants prior to the launch of SEC and at the end of each module.
While no statistically significant results regarding the independent variables and
participants’ self-efficacy of executing the STEM Education Framework were
discovered, most of the self-efficacy sub scales were highly correlated to each other (see
Table 14). Including these questions on future studies that analyze the application of the
STEM Education Framework to teacher PD would be fruitful in understanding the degree
to which participants have confidence in their ability to include specific criteria of the
STEM Education Framework.
Perceived Usefulness and Ease of Use
Research question three seeks to understand the relationships between the
independent variables (age, years of teaching experience, gender, and nationality) and
SEC participants’ perceived usefulness and ease of use of the STEM Education
Framework. It was found that perceived usefulness and perceived ease of use were highly
related to each other and to their combined score. However, none of the independent
variables had any significant relationship with perceived usefulness, perceived ease of
use, or their combined score. The lack of significant relationships between the
independent variables and perceived usefulness and ease of use is logical because an
educator’s age, years of teaching experience, gender, or nationality would not have a
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logical impact on their perception of the STEM Education Framework’s usefulness or
how easy it is to use. Therefore, it is logical that no grouping variable (see Table 8) had a
stronger relationship with perceived usefulness and ease of use.
While the data indicate that participants have sufficient perceived usefulness and
ease of use, the data do not indicate whether there is, as Radner and Rothschild (1975)
describe, an ease of use → usefulness → usage chain of causality. In order to determine if
participants continue to use the STEM Education Framework, follow-up surveys should
be administered.
Based on the data that indicate participants’ improvement in developing
instruction that is aligned to the STEM Education Framework (see Table 8) and
participants’ perceived usefulness and ease of use scores, it can be concluded that the
STEM Education Framework is worthwhile tool to provide teachers to enhance their
inclusion of 21st Century skills within their STEM instructional design.
Conclusion
Based on the data that indicate SEC participation improved the development of
instruction that aligns with the STEM Education Framework (see Table 8), it can be
concluded that SEC is a worthwhile online PD program that provides thee pedagogical
skills teachers need to enhance their inclusion of 21st Century skills within their STEM
instructional design. Given perceived usefulness and ease of use scores by the
participants (see Table 15) it can be concluded that participants will likely continue to use
the STEM Education Framework in their professional future. Also noteworthy is that
over 46-percent of participants completed SEC, compared to 6.5-percent in similar free
courses (Jordan, 2014). This indicates that participants found value in persisting
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throughout the course. Lastly, because SEC had a high number of international
participants who completed the course, it would seem logical that the STEM Education
Framework and SEC should be considered as viable options for advancing 21st Century
skills in STEM education both in the US and internationally.
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